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Abstract 
Sorghum is a potential food crop as forage fodder because of high biomass production, and some lines have high 
nutritional content and palatabel. The research aimed to investigate the effect of different M10-brown midrib 
sorghum mutant lines (BMR) and generative phases on dynamics of fiber fraction content of leaves, stems and 
panicles. The research was conducted at  SEAMEO-BIOTROP Bogor, Indonesia, using completely randomized 
factorial design (3x3) in 3 replicates, followed by Duncan Multiple Range Test (DMRT) if significant effect of 
the treatment is found. The first factor was BMR sorghum lines (Patir 3.1/non BMR as control, Patir 3.2 and 
Patir 3.7), and the second factor was the generative phases (flowering, soft dough and hard dough phases). 
------------------------------------------------------------------------ 
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The parameters observed were NDF, ADF, lignin, cellulose and hemicellulose content on leaves, stems and 
panicles. The results showed that NDF and ADF content in the leaves were higher than those in stems and 
panicles. The lignin content in stems and panicles at soft dough and hard dough phases was lower (P < 0.01) 
than those of the flowering phase. Both sorghum mutant lines and time of harvest did not affect lignin content of 
leaves (P  > 0.05). The lignin content of panicles decreased  (P < 0.01) at soft dough and hard dough phases than 
those of flowering phase, but sorghum lines did not affect lignin content of panicles (P < 0.05). The cellulose 
content in stems, leaves and panicles at soft dough and hard dough phases were lower than at flowering phase (P 
< 0.01). Hemicellulose content of  stems was lower at sorghum lines of P 3.2 and P 3.7 than those of control or 
P 3.1 (P < 0.05) and at soft dough phase, hemicellulose content in stem was lower than of at flowering and hard 
dough phases.  
Keywords: Brown midrib sorghum; mutant line; generative phases; fiber fraction. 
1. Introduction 
Ruminant animal feed is generally given in the form of forage and concentrates. However, use of concentrate 
feed  impacted on high  production cost. To reduce production cost, farmer utilize more forage crop that can 
meet the needs of nutrition for ruminant mainly protein and energy in the form of a single feed is needed to be 
developed.  
A common single feed source for ruminant livestock is maize ( Zea mays L.), that has to be replanted  to 
continue biomass crop production. Another crop plant which potential to be single feed is forage sorghum 
(Sorghum bicolor), because the nutritional content as good as maize (crude protein content range is 7%-8%) [1, 
2, 28]. Forage sorghum produce higher biomass production per year than maize because it can be harvested for 
3-4 times in life cycle [3]. However, most of sorghum line has high content of lignin that lead to decrease dry 
matter digestibility. Plant breeding to reduce lignin content was done by application of nuclear technology 
through  gamma rays irradiation to produce several brown midrib sorghum mutant lines (BMR). The main goal 
in producing the BMR is to increase the cellulose content and decrease the lignin content. The BMR sorghum 
has a lower lignin content than those of conventional sorghum lines [4, 5, 6].  Lignin content of non BMR is 2.7-
6.4%  but BMR 2.8-4.5% [3].  
Lignin limit cell wall digestibility (fiber) in ruminant. Lignin content and cell walls of forage are influenced by 
plant maturity stage, followed by the cell wall thickening, so increased crude fiber content and the lignification 
process [7]. On forage crops, the presence of lignin, in form of  lignohemicellulose and lignocellulosa bonds 
decrease the forage digestibility in the rumen [8]. Therefore, to support availability of feed, selection and genetic 
improvement of forage are crucial to be done to find out high biomass production and forage quality by 
considering the sorghum lines and their harvest times. 
Harvest time is an aspect that closely to related to the growth phase of the plant and nutrition in particular fiber 
content dynamic. Optimum production of BMR can be determined by growth and development of the plant, 
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meanwhile harvest time influences nutrition content and digestibility of the rouhage  in ruminant [9]. Based on 
these idea, the study was designed to recognize the dynamics of fiber fractions in stems, leaves and panicles of 
several BMR sorghum mutant lines. 
2. Materials and Methods 
The experiment was conducted in the field with 1500 m2 at research station of SEAMEO-BIOTROP, Bogor, 
Indonesia. Sorghum mutan lines consisting of M10-BMR and non BMR are involved. Some fertilizers including 
manure, urea, TSP, KCl and instrument triple bean balance, measurement instruments, refraktometer, cuttings 
scissor and caliper were used. Limited amount of pesticide was used to control pest and dieses. Bird attacts was 
controlled by putting the perforated plastic bag for every panicle. 
Factorial completely randomized block design (3 x 3) with three replicates was used as experimental design, and 
followed by Duncan Multiple Range Test (DMRT) if there was significant effect among treatments. The first 
factor was sorghum mutant lines consisting of Patir 3.1 (M10-non BMR sorghum mutant line as control line), 
Patir 3.2 and Patir 3.7 (M10-BMR sorghum mutant lines), were combined with generative stages consisting of 
flowering stage, soft dough and hard dough stage.  
Land preparation was done manually. Before planting 2 ton/ha of manure was administrated to the soil. 
Fourteen days after land preparation,  sorghum mutant lines seed were sown by using sorghum planter at 5 cm 
depth with  20 x 60 cm planting dimension. Each hole comprised 4-5 seeds of sorghum mutan lines. 
The first NPK fertilizer was applied when the plant got 14 days after planting (DAP) with 4:3:2 (g/g/g) 
equivalent to 270 kg/ha. The some fertilizer was applied again at the age of 50 DAP with 2:4:2 (g/g/g) 
equivalent to 200 kg/Ha [10] to enhance flowering.  
Harvesting was conducted when the plant got  early flowering, soft dough and hard dough stage. The flowering 
stage begun when the pollen color looked yellowish, after the panicle emerged. Soft dough stage was 
determined by the present of  milky liquid by pressing the seeds in between the fingers.  Hard dough stages 
occured when the seeds was getting hard and could not suppresed by fingers [11]. Ten plants were hand 
harvested at above the first node from the soil surface (approximately 10 cm above ground). Sorghum plants 
were fragmented into  stems, leaves and panicles and weighed.  
Stems, leaves and panicles were placed into paper bag individually and dried at 600C for about 48 hours to 
determine the dried weight. Sample were then grainded <1 mm mash for NDF, ADF, lignin, cellulose and 
hemicellulose contents analysis [16].  
3. Results and discussion  
3.1. ADF and NDF  content of sorghum mutant lines 
ADF and NDF represent the fibrous portions of plant material, which influence digestibility and energy 
available for animals from forage [24]. The ADF and NDF content in the stems, leaves and panicles at 
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flowering, soft dough and hard dough phases are presented in Table 1. There were significant  differences 
(P<0.01) between non BMR and BMR sorghum mutan lines on ADF in stem.  The ADF content in M10-BMR 
sorghum mutant lines (P 3.2 and P 3.7) weresignificantly  lower than those of non BMR sorghum mutant line (P 
3.1). The P 3.1 had the highest ADF content in stem (45.17%) than P 3.2 (37.32%) and  followed by P 3.7 ( 
35.93%) or declined 7.85% and 9.24%. This result is accordingly to [13] that the BMR sorghum had lowest 
ADF content than non BMR sorghum. The NDF content of the stem was affected by sorghum lines (P <0.05). 
There were a decreasing trend in NDF stem from non BMR (P 3.1) to M10-BMR sorghum mutan lines (P 3.2 
and P 3.7). The stem of M10-non BMR sorghum line (P 3.1) produced the higest NDF content (58.38%), while 
ADF content in the stem of M10-BMR sorghum mutant lines (P 3.2 and P 3.7) were 53.24% and 51.57% 
respectively, or reduced by 5.14% and 6.81%.  
During generative development, the highest ADF content in stem was found at  flowering phase (45.45%) and 
then slowly decreased at soft dough phase (36.47%) and hard dough phase (36.50%) or decline of 8.98% and 
8.95% respectively.  
During  late generative phases, a dramatic decreased in the ADF content of the panicle was observed. At 
flowering phase ADF content in the panicle reached up to 48.80% and the ADF content become lower at soft 
dough and hard dough phases amounting to 25.53% and 19.17%, respectively. 
Description: Values followed by a capital letter means high significantly differences             (P < 0.01). Values 
followed by lower case letters means significant differences (P < 0.05). Patir 3.1 = non BMR sorghum mutant 
line, Patir 3.2 and Patir 3.7 = M10-BMR sorghum mutant lines. 
The NDF content in leaves was influenced by sorghum lines (P < 0.05).  In non BMR sorghum mutant line (P 
3.1) the NDF content in the leaves reached to 67.70% and it was the highest than NDF content in BMR sorghum 
mutant lines (P 3.2 and P 3.7), those were 64.96% and 66.19% or lower at 2.74% and 1.51%, respectively. 
The NDF content in panicles decreased at late generative phases (P<0.01), where at flowering phase NDF 
content of panicle reached up to 75.36%. At soft dough and hard dough stages, NDF decrease up to 49.27% and 
44.31% respectively, or lower by 26.09% and 31.05%. This findings relevan to [15] that NDF content in the 
panicle decreased during maturation process from early heading to soft dough (6.89% to 34.4%). 
Based on the result, the ADF and NDF dynamic in the stems, leaves and panicles are affected by generative 
phases and sorghum lines. Generative phases could reflect the physiological maturity of plant. The fact, the 
NDF content in soft dough and hard dough phases comply forage quality standard to be good forage grade (47% 
- 53%) [27]. The NDF content in stem of M10-BMR sorghum mutant lines (P 3.2 and P 3.7) was better than 
M10-non BMR sorghum mutant line, the NDF content in stem of P 3.7 and P 3.2 dynamic to 51.57% - 53.24%. 
In this case, the NDF value of BMR sorghum mutant lines comply to the forage quality standard. The ADF 
value  in stem of P 3.7 and P 3.2 (35. 93 – 37.32%) are comply to the forage quality standard (36% - 40%), 
according to [27].  
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Table 1:  Mean of ADF and NDF content in stems, leaves and panicles of M10-BMR sorghum mutant lines (%) 
Organ Plant 
Generative 
phases 
Lines 
Mean 
Patir 3.1 Patir 3.2 Patir 3.7 
ADF 
Stems 
Flowering 50.81 ± 0.86 45.56 ± 5.27 39.98 ± 2.98 45.45 ± 3.04A 
Soft Dough 41.77 ± 2.09 33.68 ± 1.10 33.96 ± 1.95 36.47 ± 1.71B 
Hard Dough 42.93 ± 3.59 32.72 ± 0.89 33.85 ± 1.65 36.50 ± 2.04B 
Mean 45.17 ± 2.18A 37.32 ± 2.42B 35.93 ± 2.19B   
  
Leaves 
  
Flowering 50.33 ± 8.34 46.04 ± 7.74 41.98 ± 4.67 46.12 ± 6.92 
Soft Dough 43.49 ± 2.31 40.93 ± 0.43  42.71 ± 0.92 42.38 ± 1.22 
Hard Dough 45.39 ± 1.71 41.77 ± 1.74 43,.16 ± 1.67 43.44 ± 1.22 
Mean 46.40 ± 4.12 42.91 ± 3.30 42.62 ± 2.42  
Panicles 
Flowering 45.69 ± 2.86B 48.72 ± 1.14AB 50.80 ± 4.17A 48.40 ± 2.72 
Soft Dough 28.13 ± 1.03C 26.68 ± 1.81C 21.79 ± 1.49D 25.53 ± 1.44 
Hard Dough 19.20 ± 1.,70D 19.45 ± 1.49D 18.88 ± 0.99D 19.17 ± 1.40 
Mean 31.00 ± 1.86 31.62 ± 1.48 30.49 ± 2.22  
NDF     
Stems 
Flowering 58.16 ± 9.63 58,36 ± 1.99 56.24 ± 2.89 57.59 ± 4.84 
Soft Dough 56.16 ± 3.48 52.22 ± 10.01 47.98 ± 1.19 52.12 ± 4.89 
Hard Dough 60.81 ± 3.57 49.13 ± 1.64 50.49 ± 3.70 53.48 ± 2.97 
Mean 58.38 ± 5.56a 53.24 ± 4.55ab 51.57 ± 2.59b 
 
  
Leaves 
  
Flowering 67.30 ± 2.32 66.93 ± 1.58 67.98 ± 2.11  67.40 ± 2.00 
Soft Dough 68.22 ± 2.98 65.40 ± 1.03 65.31 ± 3.52 66.31 ± 2.51 
Hard Dough 67.59 ± 2.39 62.54 ± 1.04 65.28 ± 2.03 65.14 ± 1.82 
Mean 67.70 ± 2.56a 64.96 ± 1.22ab 66.19 ± 2.55ab 
 
Panicles 
Flowering 75.30 ± 1.85 74.56 ± 5.52 76.21 ± 1.01 75.36 ± 2.79A 
Soft Dough 48.54 ± 7.55 53.05 ± 3.03 46.23 ± 0.45 49.27 ± 3.86B 
Hard Dough 46.39 ± 2.90 46.25 ± 2.46 40.29 ± 6.12 44.31 ± 3.83C 
Mean 56.74 ± 4.10 57.95 ± 3.67 54.24 ± 2.53   
 
Dynamic of ADF content was consistent with NDF content during generative development of sorghum. There 
was a decrease trend in ADF and NDF content from flowering phase to soft dough and hard dough phases, it is 
associated with the need for producing seeds. Soft dough and hard dough phases were the development and seed 
production phases, consequently there are more nutrients are needed to produce grains [12, 13], while [9, 23] 
stated that the decline in NDF with increasing maturity stage due to increased of starch proporsion and content. 
Another factor affectes the decrease of ADF and NDF content were an increase stems sugar levels from the 
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flowering - soft dough - hard dough phases with values 12.01, 13.68 and 14.81 % brix, respectively 
(unpublished). Sucrose began to accumulate in large amounts in the stem at flowering phase, and the further 
flowering phase occurs carbohydrates competition between the stem and seeds for growth and development, so 
that reduced  portion of structural carbohydrates [2, 14].  
In this study, the average content of NDF flowering phase was 67.40% (leaves), 57.59% (stems) and 75.36% 
(panicles), while in the soft dough stage NDF content was 66.31% (leaves), 52.12% (stems) and 49.27% 
(panicles). The datas in this study is slightly different from the results [15] in which the content of NDF in the 
flowering phase was 66.7% - 67.8% (leaves), 56.3% - 64.2% (stems) and 64.0% - 68.9% (panicles), while the 
soft dough stage NDF content was 69.3% - 69.6% (leaves), 65.3% - 68.5% (stems) and 34.2% - 38.5% 
(panicles), this difference due to the differences in the sorghum lines, climatic and field conditions. 
3.2. Lignin content  of sorghum mutant lines  
Lignin is considered an anti-quality component in forages because of its negative impact on the nutritional 
availability of plant fiber [25]. The lignin content in stems, leaves and panicles of  non BMR and BMR sorghum 
mutan lines in generatives phases are presented in Table 2. In the stems, the non BMR sorghum line (P 3.1)  had 
the higher lignin content at the same generative phase, however the lower lignin content was consistently 
observed in BMR sorghum mutant lines (P 3.2 and P 3.7). At sorghum non BMR (P 3.1) lignin content stems 
reaching to 8.95% while the sorghum BMR (P 3.2 and P 3.7) ranges from 5.92% and 5.67%. The mean lignin 
content of BMR (P 3.2 and P 3.7) decreased significantly (P<0.01) by 3.03% and 3.28% respectively, but 
among the BMR lines (P 3.2 and P 3.7) were not different from each other (P> 0.05). There are in agreement 
with [13] who reported that lignin content of BMR was decreased in comparison with non BMR. 
The content of lignin in the stem also influenced by generative phases (P <0.05). In the flowering phase, the 
lignin content in stems reached to 7.90% while the  soft dough and hard dough phases around 6.18% and 6.46% 
respectively or lower at 1.72% and 1.44%, while lignin content in the stems of soft dough and hard dough phase 
was not significantly different (P > 0.05 ). Our findings are relevance to [13] that harvest at late maturity will 
lead to produce lower lignin content. 
Lignin content in panicles was highly significant affected (P <0.01) by  generative phases, but the sorghum 
mutant lines had no effect (P > 0.05) to the lignin content in panicles. Lignin content in stems and panicles was 
influenced by maturity stage. At the older sorghum plants, the lignin content decreases, this is due to the 
intensive growth of the panicle and the accumulation of starch in grain, as well as the accumulation of sugar in 
the stem tissue. This phenomena will decrease in the proportion of lignin in plant sorghum [15, 2].  
Lignin content in the stem also influenced by BMR  lines. In this study lignin content of BMR (P 3.2 and P 3.7) 
was lower than control (non BMR/P 3.1), this is due to genetic mutations that occur in BMR sorghum causing 
the reduction lignin content [3, 17, 18, 19]. The decrease of stem lignin on P 3.2 and P 3.7 BMR mutant line  of 
3.03% and 3.28%, this result is lower than [3] where the lignin content of BMR sorghum decreased to 5-50% in 
the stem compared to non BMR sorghum. 
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Table 2:  Mean of Lignin content in M10-BMR sorghum mutant lines (%) 
Organ 
Plant 
Generative 
phases 
Lines 
Mean 
P 3.1 P 3.2 P 3.7 
Stems 
Flowering 10.18 ± 0.34 7.70 ± 2.38 5.82 ± 1.75 7.90 ± 1.49a 
Soft Dough 8.36 ± 0.18 4.97 ± 0.18 5.21 ± 0.33 6.18 ± 0.23b 
Hard Dough 8.32 ± 0.70 5.09 ± 0.19 5.98 ± 0.72 6.46 ± 0.54b 
Mean 8.95 ± 0.41A 5.92 ± 0.92B 5.67 ± 0.93B   
  
Leaves 
  
Flowering 7.65 ± 3.87  4.87 ± 0.18 5.19 ± 1.69 5.90 ± 1.92 
Soft Dough 7.12 ± 0.24 5.29 ± 0.37 6.10 ± 0.49 6.17 ± 0.37 
Hard Dough 8.14 ± 0.40 6.51 ± 0.33 6.65 ± 0.25 7.10 ± 0.32 
Mean 7.64 ± 1.51 5.55 ± 0.29 5.98 ± 0.81   
Panicles 
Flowering 9.61 ± 1.57 9.26 ± 1.07 9.38 ± 0.55 9.42 ± 1.06A 
Soft Dough 8.61 ± 0.53 6.45 ± 1.65 5.84 ± 1.38 6.96 ± 1.19B 
Hard Dough 6.55 ± 2.02 6.55 ± 0.61 6.93 ± 1.22 6.68 ± 1.28B 
Mean 8.25 ± 1.37 7.42 ± 1.11 7.38 ± 1.05   
Description : Values followed by a capital letter means high significantly differences            (P < 0.01). Values 
followed by lower case letters means significantly differences (P < 0.05). Patir 3.1 = non BMR sorghum mutant 
line, Patir 3.2 and Patir 3.7 = M10-BMR sorghum mutant lines. 
3.3.  Cellulose and Hemicellulose content of sorghum mutant lines 
Cellulose is the single most abundant component in cell walls and composed exclusively of linear glucose 
chains, and hemicellulose is polysaccharides extracted with alkali from delignified cell walls [26]. Cellulose and 
hemicellulose content of non BMR and BMR sorghum mutant lines presented in Table 3. Cellulose content in 
the stem of non BMR sorghum mutant line (P 3.1) produced the highest cellulose content (35.39%) while the 
BMR mutant lines (P 3.2 and P 3.7) produced lower cellulose content (30.43% and 29.43%) or decreased 4.96% 
and 5.96% respectively. Cellulose content decreased with advanced generative phases (soft dough and hard 
dough phases).  At flowering phase, cellulose content  was 36.43%, mostly higher than soft dough and hard 
dough phases (29.8% and 29.02%), respectively.  
The cellulose content in the leaves was not affected by sorghum lines (P > 0.05) but more influenced by 
generative phases (P < 0.01). The highest cellulose content was produced in the harvesting flowering phase 
(35.32%) and then decreased at the soft dough stage (31.98%) and the hard dough stage (30.55%), cellulose 
content in the soft dough and hard dough phases was not significantly different (P > 0.05). Cellulose content in 
panicles was affected by the interaction between lines and generative phases, the highest  cellulose content was 
found on BMR lines (P 3.7 and P 3.2) and the flowering phase (39.62% and 38.38%) while the lowest cellulose 
content of panicle  harvested at hard dough phase. 
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Table 3: Mean content of cellulose and hemicellulose in M10-BMR sorghum mutant lines (%) 
Organ 
Plant 
Generative 
phases 
Lines 
Mean 
P 3.1 P 3.2 P 3.7 
Cellulose 
Stems 
Flowering 39.16 ± 1.43 36.82 ± 3.12 33.31 ± 1.32 36.43 ± 1.96A 
Soft Dough 33.05 ± 2.04 28,21 ± 1.16 28.13 ± 1.99 29.80 ± 1.73B 
Hard Dough 33.95 ± 3.02 26.25 ± 0.95 26.85 ± 1.84 29.02 ± 1.94B 
Mean 35.39 ± 2.16A 30.43 ± 1.74B 29.43 ± 1.72B   
  
Leaves 
  
Flowering 37.32 ± 5.10 35.55 ± 3.58 33.10 ± 3.01 35.32 ± 3.90A 
Soft Dough 31.87 ± 2.56 31.39 ± 0.41 32.68 ± 0.66  31.98 ± 1.21B 
Hard Dough 31.28 ± 1.95 30.00 ± 1.32 30.38 ± 1.80 30.55 ± 1.69B 
Mean 33.49 ± 3.21 32.31 ± 1.77 32.05 ± 1.82   
Panicles 
Flowering 35.19 ± 1,97B 38.38 ± 0.94A 39.62 ± 3.22A 37.73 ± 2.04 
Soft Dough 18.58 ± 0,63C 18.76 ± 0.49C 16.32 ± 1.80C 17.89 ± 0.97 
Hard Dough 11.91 ± 1,60D 9.80 ± 0.95D 10.45 ± 0.38D 10.72 ± 0.98 
 Mean 21.89 ± 1.40 22.32 ± 0.79 22.13 ± 1.80  
Hemicellulose 
Stems 
Flowering 23.80 ± 3.33 23,04 ± 2,25 22,94 ± 1,60 23,26 ± 2,39A 
Soft Dough 23.10 ± 1.78 17,93 ± 1,81 19,85 ± 2,43 20,29 ± 2,01B 
Hard Dough 26.86 ± 0.57 22,88 ± 1,13 23,64 ± 2,73 24,46 ± 1,48A 
Mean 24.59 ± 1.89a 21,28 ± 1,73b 22,14 ± 2,25b   
  
Leaves 
  
Flowering 31,96 ± 2.29 31.39 ± 2.33 32.10 ± 2.74 31.82 ± 2.46b 
Soft Dough 33,51 ± 0.62 34.02 ± 0.77 32.63 ± 2.89 33.39 ± 1.42b 
Hard Dough 36,31 ± 2.15 32.55 ± 1.77 34.90 ± 0.26 34.59 ± 1.40a 
Mean 33,92 ± 1.69 32.65 ± 1.63 33.21 ± 1.96   
Panicles 
Flowering 40.10 ± 3.62 36.17 ± 5.78 36.59 ± 3.06 37.62 ± 4.15A 
Soft Dough 29.96 ± 7.13 34.29 ± 3.33 29.91 ± 2.20  31.38 ± 4.22B 
Hard Dough 34.48 ± 2.40 36.45 ± 2.98 29.84 ± 5.96 33.59 ± 3.78B 
Mean 34.85 ± 4.39 35.64 ± 4.03 32.11 ± 3.74   
Description: values followed by a capital letter means high significantly differences (P <0.01). values followed 
by lower case letters means significantly differences (P <0.05). Patir 3.1 = non BMR sorghum mutant line, Patir 
3.2 and Patir 3.7 = M10-BMR sorghum mutant lines. 
Hemicellulose content of the stem was affected by sorghum lines (P <0.05). Non BMR line (P 3.1) produced 
highest hemicellulose content (24.59%) and higher than BMR lines (P 3.7 and P 3.2) with 22.14% and 21.28%. 
Hemicellulose content between BMR lines did not significantly difference (P > 0.05). Hemicellulose content of 
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stem was also influenced by generative phases (P <0.01), hemicellulose content of the stem at flowering phase 
did not significantly difference (P> 0.05) with the hard dough phase but significant (P <0.01) in the soft dough 
phase. Hemicellulose content of the leaves was not affected by sorghum lines (P > 0.05) but more influenced by 
generative phases (P <0.05). The hard dough phase produced the highest hemicellulose content  (34.59%) 
compared to the soft dough and flowering phases (33.39% and 31.82%). Hemicellulose content of the panicle 
was not affected by sorghum lines (P > 0.05) but it was more influenced by generative phases (P < 0.01), the 
flowering phase produced the highest hemiselulose content (37.62%), while hemicellulose content at soft dough 
and hard dough phases was 31.38% and 33.59% respectively. Hemicellulose content of panicle at soft dough 
and hard dough phase was not significantly difference (P> 0.05). 
The results showed that harvesting at late generative phase will decrease the cellulose content, according to the 
statement [20, 21] that the cellulose content decreased with the increase of plants maturity. Another factor that 
led to a decrease in cellulose and hemicellulose content due to the increase in sugar content in sorghum stalks. 
[20] found that a decrease in hemicellulose, cellulose and lignin in sorghum with the increase on maturity due to 
the increase of non-structural carbohydrates content (sugar content). The average stem cellulose and 
hemicellulose content in this study was 29.80% and 20.29% (soft dough phase), almost the same as the results 
[22] in which the content of cellulose and hemicellulose in the stem of wray sorghum at soft dough phase was 
25% and 23%. It is expected that the M10-BMR sorghum mutant lines has better digestibility for ruminant in 
further study. 
4. Conclusion 
M10-BMR sorghum mutan lines had lower ADF, NDF, lignin, cellulose and hemicellulose content than non 
BMR sorghum mutant lines. Dynamics of the ADF, NDF, lignin, cellulose content in the stem and panicle at 
generative stage tend to decline from flowering stage to soft dough and hard dough stage. Meanwhile 
hemicellulose tended to increase in leaves during generative development stage. 
Acknowledgment 
This study was funded by Directorate General of Higher Education of Indonesia through competitive grants 
(Penelitian Hibah Bersaing), Project ID No:55/H.16/HB/LPPM/2015.We gratefully acknowledge to SEAMEO-
BIOTROP Bogor for helping our team in this research.  
References  
[1]  B. Bean, T. McCollum, D. Pietsch, M. Rowland, B. Porter, R. VanMeter and D. Pietsch. “Texas panhandle 
forage sorghum silage trial”. The Agriculture Program of Texas A&M University System. 2002. 
http://soilcrop.tamu.edu/publications/pubs/910465silage.pdf. [Oct 22, 2015]. 
[2] S.K.Subramanian. “Agronomical, Physiological and Biochemical Approaches to characterize Sweet 
Sorghum Genotypes for Biofuel Production”. A Dissertation Doctor of Phylosophy, Departement Agronomy 
66 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 25, No  2, pp 58-69 
College of Agriculture Kansas State University, Manhattan. Kansas. 2013. 
[3]  F.R. Miller and J.A. Stroup. “Brown midrib forage sorghum, sudangrass, and corn: What is the potential?” 
Proc. 33rd California Alfalfa and Forage Symposium, pp.143-151. 2003. 
[4]  M.D. Casler. “Breeding forage crops for increased nutritional value”. Advan. Agron. 71, 51–107. 2001. 
[5]  A.L. Oliver, J. F. Pedersen, R. J. Grant and T. J. “Klopfenstein. Comparative Effects of the Sorghum bmr-6 
and bmr-12 Genes : I. Forage Sorghum Yield and Quality”. Crop Sci. 45:2234–2239. 2005. 
[6] S.E. Sattler, D.L.F. Harris and J.F. Pedersen.  “Brown midrib mutations and their importance to the utilizatio 
n of maize, sorghum, and pearl millet lignocellulosic tissues”. Plant Science 178 (2010) 229–238. 2010. 
[7] A.M. Salamone, A.A. AbuGhazaleh and C. Stuemke. “The Effects of Maturity and Preservation Method on 
Nutrient Composition and Digestibility of Master Graze”. Journal of Animal Research and Technology 1 (1): 
13–19. 2012. 
[8]  P.A. Beck, C.B. Stewart, H.C. Gray, J.L. Smith and S.A. Gunter.  “Effect of wheat forage maturity and 
preservation method on forage chemical composition and performance of growing calves fed mixed diets”. J. 
Anim. Sci. 87:4133-4142. 2009. 
[9] C.L. Rosser. “Effect of the maturity at harvest of whole-crop barley andoat on dry matter intake, forage 
selection, and digestibility when fed to beef cattle”. Thesis of Graduate Studies and Research In Partial 
Fulfillment of the Requirements For the Degree of Master of Science In the Department of Animal and Poultry 
Science University of Saskatchewan Saskatoon, SK. 2014. 
[10] Supriyanto. “Pengembangan sorgum di lahan kering untuk memenuhi kebutuhan pangan, pakan, energi dan 
industry”.  Makalah Simposium Nasional 2010 : Menuju Purworejo Dinamis dan Kreatif. 2010.  
[11] T. Gerik, B. Bean and R. Vanderlip. “Sorghum Growth and Development”. Texas Cooperative Extension 
Service. 2003. 
[12]  H. Qu, X.B. Liu, C.F. Dong, X.Y. Lu and Y.X. Shen. “Field performance and nutritive value of sweet 
sorghum in eastern China”. Field Crops Research 157 : 84–88. 2014. 
[13]  Y. Li, P. Mao, W. Zhang, X. Wang,Y. You, H. Zhao, L. Zhai and G. Liu. “Dynamic expression of the 
nutritive values in forage sorghum populations associated with white, green and brown midrid genotypes”. Field 
Crops Research 184 (2015) 112–122. 2015. 
[14]  G. Fernandes, T.G. Braga, J. Fischer, R.A.C. Parrella, M.M. de Resende and V. L. Cardoso. “Evaluation of 
potential ethanol production and nutrients for four varieties of sweet sorghum during maturation”. Renewable 
Energy 71 (2014) 518-524. 2014. 
67 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 25, No  2, pp 58-69 
[15]  A. Carmi, Y. Aharoni, M. Edelstein, N. Umiel., A. Hagiladi, E. Yosef, M. Nikbachat, A. Zenou and J. 
Miron. “Effects of irrigation and plant density on yield, composition and in vitro digestibility of a new forage 
sorghum variety, Tal, at two maturity stages”. Animal Feed Science and Technology 131 : 120–132. 2006. 
[16] P.J. Van Soest,  J.B. Robertson, B.A. Lewis. 1991. Methods for dietary fiber, neutral 
detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. 
J. Dairy Sci. 74, 3583–3597. 
[17] D.N. Ledgerwood, E.J. DePeters, P.H. Robinson, S.J. Taylor and J.M. Heguy. “Assessment of a brown 
midrib (BMR) mutant gene on the nutritive value of sudangrass using in vitro and in vivo techniques”. Animal 
Feed Science and Technology. Volume 150, Issues 3–4, 14 April 2009, Pages 207–222. 2009. 
[18]  T. Tesso and G. Ejeta.  “Stalk strength and reaction to infection by Macrophomina phaseolina of brown 
midrib maize (Zea mays) and sorghum (Sorghum bicolor)”. Field Crops Research 120 (2011) 271–275. 2011. 
[19]  P.S Rao, S. Deshpande, M. Blümmel, B.V.S. Reddy and T. Hash. “Characterization of Brown Midrib 
Mutants of Sorghum (Sorghum bicolor (L.) Moench)”. The European Journal of Plant Science and 
Biotechnology 6 (Special Issue 1), 71-75. Global Science Books. 2012. 
[20] G.G. McBee and F.R. Miller. “Stem Carbohydrate and Lignin Concentrations in Sorghum Hybrids at Seven 
Growth Stages”. Crop Science, Vol. 33, May-June 1993.  
[21] Y.L. Zhao,  A. Dolat, Y. Steinberger, X. Wanga, A. Osman and G.H. Xie. “Biomass yield and changes in 
chemical composition of sweet sorghum cultivars grown for biofuel”. Field Crops Research 111 (2009) 55–64. 
2009. 
[22] I. Dolciotti, S. Mambelli, S. Grandi, and G. Venturi. “Comparison of two sorghum genotypes for sugar and 
fiber production”. Ind. Crops Products 7, 265–272. 1998. 
[23] M.A. Marsalis, S. Angadi, F.E Contreras-Govea and R.E. Kirksey. “Harvest timing 
and by product addition effects on corn and forage Sorghum silage grown 
under water stress”. Bull. 799. NMSU Agric. Exp. Stn., Las Cruces, NM. 2009 
[24] B.W. Bean, R.L. Baumhardt, F.T. McCollum and K.C. McCuistion. “Comparison of 
sorghum classes for grain and forage yield and forage nutritive value”. Field 
Crops Res. 142, 20–26. 2013. 
[25]  K.J. Moore and H.J.G. Jung. “Lignin and fiber digestion”. J. Range Management. 54: 420–430. 2001. 
[26]  H.J.G. Jung. “Forage Digestibility: The  Intersection of Cell Wall Lignification and Plant  Tissue 
Anatomy”. University of Florida. 2012. http://dairy.ifas.ufl.edu/rns/2012/12JungRNS2012.pdf. [March 22, 
2015]. 
68 
 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 25, No  2, pp 58-69 
[27]  S. Reed, W.M. Bayly and D.C. Sellon. Equine Internal Medicine, 2nd Edition, “Applied Nutrition” 
Chapter, Donald R Kapper, PAS, guest author, and Stephen M Reed, DVM, editor. Saunders, St. Louis, 
Missouri. 2004. 
[28] D.P. Chaudhary, A. Kumar, S.S. Mandhania, P. Srivastava and R. S. Kumar. Maize as Fodder? An 
alternative approach. Directorate of Maize Research, Pusa Campus, New Delhi -110 012, Technical Bulletin 
2012/04 pp. 32. 2012. 
69 
 
